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Considerable effort has been invested this year in establishing a general set of scaling
laws for the rational design of e+e- linear colliders. It has been shown that as long as the
beam and linac parameters are chosen to fulfil the “BNS damping” condition, and that
optimum structure parameters are selected to maximise the RF efficiency, then operation
with a higher acceleration gradient using high frequency structures results in (i) the same or
better RF efficiency, (ii) the same or better luminosity to power ratio for equivalent
background conditions, and (iii) the same beam quality preservation for equivalent beam
correction techniques, as the lower frequency designs. As a consequence of this analysis
the CLIC parameters have been updated. For the 0.5 and 1 TeV machines the charge and
the bunch length have both been decreased (to 4x109 and 50µm respectively) to reduce
transverse wakefield effects. A revised CLIC parameter list compiled in October has
luminosities of 6.1x1033cm-2s-1 and 14.1x1033cm-2s-1 for the 0.5 and 1 TeV machines with 60
bunches per pulse and an overall wall plug power of 92 MW and 161 MW respectively.
This assumes final normalised emittances of 10 rad.m which simulations have shown to be
feasible with simple correction schemes.  Since high frequencies permit the accelerating
structures to be operated at high accelerating gradients which reduce the length of the
linacs and therefore the cost, multiple TeV machines also become possible. Parameters for
machines up to 5 TeV have been investigated and found to be feasible.
New Monte Carlo simulations of background events in the CLIC interaction region have
been made for the updated CLIC parameters using three different input generator programs
(ABEL, GUINEA PIG, and LINCOL).
Beam dynamics studies for the main linac have focused on single and multibunch
emittance preservation using in some cases newly written computer programs. These
studies have been guided by the results obtained from the work on the general scaling laws
and have tried in particular to obtain a significant reduction of the single bunch wakefield,
and to make multibunch effects in comparison very small in spite of the increase of the
number of bunches per pulse. It was found that with 4x109 particles per bunch and an rms
bunch length of 50µm the BNS stability criterion could be obtained by introducing a 1%
correlated energy spread across the bunch by running off the crest of the rf wave. The rms
energy spread at the end of the linac in this case was adjusted to be 0.25%. Micro-wave
quadrupole structures for beam stabilization are therefore no longer necessary. A new
design of the two-stage bunch compressor has been made to achieve the high compression
rate needed and a new lattice, scaled in sectors, was recalculated to match the new
parameters. Simulations of multibunch emittance growth have been made using different
accelerating structure wakefields models. For a bunch separation of 20 RF periods, it was
found that the wakefield had to be reduced by a factor of between 65 to100 at the level of
the second bunch and thereafter with an initial exponential decay of at least an order of
magnitude over the first few metres. More emphasis has been placed on the use of simple
correction schemes to achieve the specified machine performance in preference to the
previously developed more sophisticated global trajectory corrections. A new trajectory
correction scheme has been studied. It involves the measurement of the off-sets of the
beam position monitors using the beam with quadrupoles over successive sections of 12
quadrupoles switched off and the beam in the last quadrupole centred. Storing these off-
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growth less than 100 % for the 1 TeV machine. This value was further reduced to about 20-
40% by introducing  emittance bumps by displacing two structures and minimising the
measured emittances at five positions along the linac. Simulations for the 5 TeV centre-of-
mass machine showed that the single bunch dilution can be kept under control, that
multibunch dilution remains small, but that jitter as well as slow drifts of the components
require frequent re-steering of the trajectory or the use of a slow feedback loop.
A drive beam generation scheme based on 200 MHz 6 MV/m SC cavities has been
devised for a 60 bunch mode of operation in the main linac at 1 TeV. The drive beam for
each in-line drive linac is generated by combining the outputs of 10 pairs of mini linacs in
a magnetic switchyard. The total installed voltage (for two drive beams) is 14.6 GV. The
use of 200 MHz cavities was necessary to have enough stored energy available to
accelerate the required charge of 30µC / drive beam. The charge is distributed in trains of
50 bunches with a spacing between bunches of 1 cm and a maximum charge of 50
nC/bunch. The 50 nC/bunch is obtained by superposition of pairs of 25 nC bunchlets. The
entire drive beam extends over 13 rf periods. A new feature of this scheme is the use of
beam-driven warm copper cavities for the necessary fine harmonic momentum corrections.
A low impedance (0.92m) un-damped energy extracting transfer structure provides 450
MW of rf power - enough to feed four accelerating structures. In this scheme one drive
beam  is used to produce power for the total length of the main linac. The resulting over-all
AC to beam efficiency is 11.2%.
Generation of the bunches by the direct bunching action of a 30 GHz FEL is still being
considered. For multibunch operation however to get the required ramped power pulse
necessary for energy spread compensation the intensity of the bunches must be modulated.
This option is being studied at least on paper at the FEL Test Facility at CESTA
(Bordeaux) within the framework of a CERN(CLIC)/CESTA collaboration.
An alternative multi-drive-beam scheme - the so-called “ring” scheme - has also been
studied. In this scheme each drive beam is used to power a 100 GeV section of the main
linac. Use of multiple beams reduces the power in each drive beam and makes it much
easier to handle. For the 1 TeV centre-of-mass machine therefore 2x5 drive beam pulses
must be generated for each e+e- pulse. The bunches are initially produced by a laser-driven
rf gun with a spacing of 32 cm and an rms length of 3 mm. After acceleration to 2.1 GeV
by 937.5 MHz SC cavities the trains are injected into a 5 km circumference collector ring
using magnetic kickers. After 2 ms when the whole ring is filled ten 16 train pulses of 64
bunches per train are extracted. The bunches are then individually compressed by a factor
four to an rms length of 0.6 mm using a telescopic compression system. The trains are then
combined in a 31.25 m circumference ring. Injection into this ring is made using 2
transverse RF deflectors that create a time dependent local deformation of the equilibrium
orbit. The ring interleaves every four successive bunch trains over four turns obtaining a
distance between bunches at this stage of 8 cm. After extraction a second combination
using the same mechanism, is subsequently made in a similar larger 125 m circumference
ring yielding a final distance between bunches of 2 cm. The ten pulses each consisting of
one long continuous train of 1024 bunches are then alternately switched by a magnetic
kicker into the two drive linacs. For a main linac operation with 60 bunches at 1 TeV a
total charge per drive beam of 9 µC is required with a maximum charge per bunch of 10
nC. The impedance of the energy extracting transfer structure is 100 :/m. This structure
needs damping to reduce transverse wakefields by 30% over a time of 333ps. The over-all
4AC to beam efficiency of this scheme is 12.7%. The total installed RF voltage is only 2.4
GV. A considerable amount of design work has been invested in this scheme to make it
work, synchrotron radiation losses, resistive wall effects, space charge and non-
isochronicity have all been taken into account. Particular attention has been paid to the
longitudinal phase-space evolution of the bunches in the beam generation process in order
to obtain the required bunch length and energy spread at injection in the drive linac. A
major disadvantage of this scheme is that it cannot easily be tested on a small scale.
In October of this year work started on a new multi-drive-beam scheme which makes
use of many of the developments of the past several years. It incorporates in particular the
frequency multiplication and power distribution systems that were developed for the “ring”
scheme. The distribution system sends the drive beam towards the accelerating main beam
allowing different time slices of the drive beam to be used to power separate sections of the
main linac.  The bunches however are generated by a conventional normal conducting
fully-loaded 625 MHz accelerating system. The scheme requires the generation of a 5 A
100 Ps beam of about 1.5 GeV energy. It has been shown that this beam can be generated
with an efficiency of about 97%. So far the technology to accelerate this beam seems very
straightforward. The klystrons necessary are not presently available, but experts believe
that they are relatively straightforward to build. The modulators are similar to ones that
have already been built. The beam can be stabilised transversely during acceleration and
the full beam loading provides a constant energy beam with some relatively minor beam
loading compensation. After acceleration the beam is frequency multiplied (x16) and pulse
compressed by the “ring” system.  The final drive beam for one 625m long section of the 1
TeV machine has 1360 bunches with 11.7 nC per bunch and an energy of about 1.1 GeV.
A first look at this system has shown no “show-stoppers. The challenge is to keep
transverse stability while the beam is being decelerated. Initial results look promising,
more work is needed on transfer structure design and steering techniques. This scheme
seems to scale very nicely to either lower or higher energy with little change, and could
also be used for other frequencies.
Studies of the drive beam scheme using Relativistic Klystron Two-Beam Accelerator
(RK-TBA) units to power 300 m lengths of the main linac is continuing in collaboration
with LLNL/LBNL.
An important parallel and necessary activity to confirm the validity of the above-
mentioned drive beam studies has been the beam dynamics simulations of the behaviour of
the bunched beam in their associated power generating drive linacs. The full analysis
including beam dynamics in the presence of collective effects and resistive structures is far
too complicated to be treated by a single simulation program. In some cases new
simulation programs have been written for this purpose. Some of the issues that have been
examined individually include: the effects of electromagnetic field inhomogeneity on
single particle dynamics; the choice of optimum transport lattices; beam disruption due to
resistive-wall and synchronous wakefields; and the management of low-level losses in
terms of beam control and structural heating. This information has then been fed back into
the overall design study. Significant design changes have resulted from these studies.  They
include: the development of RF transfer structures with greater field homogeneity; an
overall reduction of the disruptive effect of transverse wakefields by moving towards
stronger focussing lattices and the use of RF transfer structures which incorporate
microwave absorber to give some passive damping of these wakes. These changes have
been optimised for each of the drive beam schemes under study and these considerations
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is needed to improve the robustness of the RF power linac designs.
Design studies of main linac accelerating structures for multibunch operation are
continuing. Three different RF designs have been analysed. The relative performances of
the structures were assessed by feeding the calculated transverse wakefield levels into
beam simulation programs and analysing the behaviour of the beam. A 30 GHz version of
a SLAC-type Damped Detuned Structure (DDS) was found to be unsuitable for the current
CLIC parameters because of a relatively high single bunch transverse wakefield (1340
V/pC/mm/m) and a long range level of 10 V/pC/mm/m that remained constant with time.
A design based on symmetry discriminating damping using radial slots cut through the
irises of a disc loaded waveguide structure gave promising wakefield results (a single
bunch wake of 930 V/pC/mm/m and a long range wake below 10 V/pC/mm/m and
decreasing with time). Machining tests with 0.25 mm diameter mills demonstrated that the
rounding of the sharp edges of the slots could be successfully achieved. The third design
however is the one that has finally been adopted. It combines moderate amounts of both
damping and detuning, and assumes a real (imperfect) load. The damping is obtained by
introducing four output waveguides into the outer wall of every cell. Beam simulations
using wakefields calculated from this structure give much less beam blow-up than those
calculated from the two other designs and demonstrate the feasibility of 60 bunch operation
at 1 TeV.
It has become clear that the power generating transfer structures also require damping to
reduce long-range transverse wakefields in the drive linac. This problem has been
investigated using both model tests and MAFIA calculations. By making radial slits in the
cross-section of the existing design at a place where the fundamental field does not couple
out because of symmetry but where the energy of the troublesome deflecting modes is able
to escape to a silicon carbide load it has been possible to achieve a damped Q better than
90 for the 20mm aperture high impedance (100 :/m) structure with a peak deflecting
wakefield of 0.95 V/pC/mm/m. Many Mafia calculations have been undertaken to
determine the sensitivity of the 2S/3 mode at 30 GHz upon the structure geometry (the
geometry being somewhat modified during the brazing). As a result it has been possible to
manufacture transfer structures with frequency errors within r 20 MHz.
A considerable fraction of the CLIC effort during 1997 was again devoted to CTF2. In
order to demonstrate the feasibility and simplicity of two beam power generation, a fully
equipped 3 meter length of drive and main linac has been installed in the CTF and
commissioned with beam making CTF2 the first operating 30 GHz two beam accelerator.
The 3m length is made up of two ‘modules’ – a module is shortest repetitive length of both
drive and main beam equipment in CLIC. Each CTF module consists of a 1.4 m long
silicon carbide alignment girder in each linac with one transfer structure mounted in the
drive beam and one (with space for a second) accelerating section mounted in the main
beam. The two modules are mounted on a concrete support block downstream of, and fed
with beams from, the two 3 GHz injector linacs already installed in 1996. The linacs
integrate prototype hardware already developed in the course of the CLIC study including
accelerating structures, transfer structures, and the micron precision active alignment
system, with specially developed hardware including magnetic quadrupoles, vacuum
components, beam line components, high power RF distribution components, flexible
water cooling lines and a PS compatible control system. All RF components are capable of
operating with powers well in excess of the 40 MW - which produces the nominal CLIC
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is a few microns with a movement resolution of a tenth of a micron. Additionally all
components are radiation hard. The 30 GHz linacs were pre-assembled on a test platform
in building 169 during the first half of the year and were subject to a series of movement,
vacuum and water cooling tests to check that the active alignment system was working
correctly. The control system was found to work extremely well, further developments
being made in part in collaboration with the University of Mar del Plata in Argentina, will
be implemented in 1998. The linacs were then transferred to the CTF during the summer
and commissioned with beam in the autumn. Both linacs have operated completely
successfully. Although the power levels are not up to nominal values because of the
limited injected drive beam charge, a series of cross-checks between drive beam charge,
generated RF power, and main beam energy gain (measured with the newly installed end-
of-line spectrometer) have shown excellent consistency indicating that the RF system is
behaving correctly, that the control and diagnostic systems necessary to adjust the various
timing and phase parameters is functional, and giving confidence in our theoretical
understanding of the two beam acceleration mechanism and in the numerous measurement
device calibrations involved. The total acceleration obtained so far of 6.5 MeV is still very
modest. This was achieved using a 90 nC drive beam that produced 1.5 MW of 30 GHz
power in each transfer structure that resulted in 11.6 MeV/m acceleration of the 0.5 nC
main beam.
The 30 GHz RF power is presently restricted by the drive beam charge, which is limited
to about 100 nC by the provisional (NAS) 3 GHz acceleration system. A substantial
improvement will come when the definitive drive beam acceleration system consisting of
two specially designed high charge accelerating structures (HCS) is installed in early 1998.
The machining and brazing of these structures has been completed and one of these
structures has been tested with 23 MW of power albeit with about 2 MW of reflected
power at the window of the klystron.. The choice of an 11S/12 phase advance per cell for
these structures has resulted in a much reduced overall bandwidth making operation with
short rf pulses problematic. The drive beam rf gun has been limited this year to about 75
MV/m but has produced a single bunch charge of 50nC. In multibunch mode (48 bunches)
a maximum charge of 450nC has been measured downstream of NAS from which we infer
a total charge from the gun of around 600nC. The unforeseen deflection of the beam of
about 15 mrad in the horizontal plane which had made operation in 1996 difficult was
eliminated after making slight modifications to the gun and reinstalling it. The energy of
the beam from the gun was 5 MeV, the maximum drive beam energy obtained without
bunch compression was 55 MeV and  was obtained by running the NAS structure at fields
of 50 MV/m. The probe beam was run very reliably but transmission through the 30 GHz
modules where the beam pipe is 4mm in diameter was limited to 50%.
A series of transverse beam emittance measurements as a function of the magnetic
bunch compressor setting was performed. These experiments showed for the first time
clear evidence for emittance growth induced by coherent synchrotron radiation effects of
short intense bunches transiting an achromatic bend, in this case the bunch compressor.
A novel bunch-length monitor based on an analysis of the frequency response of a beam
induced signal at the end of a long dispersive waveguide was successfully put into
operation. It allows for non-destructive bunch length measurements down to 0.5 ps rms and
can be calibrated in a completely self-consistent manner.
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with beam. The induced output power was found to be independent of beam position
confirming that the transverse mode energy had been effectively removed.
New monitors to measure the bunch phase with respect to the rf are now operational and
used routinely to ajust the timing of the bunch trains and to monitor the beam energy.
The automatic RF conditioning system has been further developed and has been in
routine operation throughout the year.
In its role as a general purpose test facility for all linear collider studies CTF beam was
used by two teams from DESY to test prototype beam position monitors foreseen to be
used in the X-ray FEL of the TESLA test facility.
By reducing the repetition rate in CTF to 5 Hz this year the vacuum in the drive beam rf
gun was better than 10-9 mbar. This improved vacuum level and the lower field of 75
MV/m resulted in a much longer lifetime for the caesium telluride photocathode - almost 3
months without a significant reduction in quantum efficiency. The caesium iodide plus
germanium photocathode that was installed in probe beam rf gun has now been in use for
more than a year in spite of being let up to air twice. Laboratory tests have been made on
potassium and rubidium telluride photocathodes, and on the activation of gallium arsenide
photocathodes supplied by SLAC. An optical oscillator (OPO) is being developed that will
enable photocathodes to be tested over two continuous wavelength spectra - in the UV
region for alkaline photocathodes and the near infra-red for gallium arsenide
photocathodes. Instrumentation has also being developed to measure the energy of the laser
arriving on the CTF photocathodes - this essentially consists of a joule meter fed by
specially developed electronics enabling a large dynamic input range. The numerical
imaging system that measures the profiles of the laser and the electron bunches is already
operational.
The reliability of the CTF laser has been improved by a complete re-optimisation of the
whole system. This has enabled the output power of the laser to be significantly reduced
and in consequence moving further away from the damage thresholds of the optical
components. The control system required to synchronize the phases between the drive and
probe linacs has been completed and is now in operation. For successful CTF operation
with bunch trains the pulse to pulse energy jitter of the laser must be stabilised.
Instrumentation based on sampling and direct charging of the pockel cell with a photo-
diode have been developed to do this. First results in the laboratory indicate that the jitter
can be reduced to1% but that the transmission drops to 30%.
The order for a new 2cell RF gun has been placed. This gun has been designed for
CTF2 to produce a charge of 1µC in a train of 48 bunches. The extracted beam energy of
6.5 J leads to a pronounced decrease in the field gradient. In order to reduce the effect of
such a strong beam loading, albeit at the expense of a moderate increase in rf power, the
first half cell has been chosen to be a TM020 resonant cell, the two others are standard
TM010 cells.
 A list of CLIC Notes published during 1997 is attached.
